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Che preseV invention relates to a magnetic bearing apparatus 
rided with a touchdown bearing made of a pair of roller bearings 
r and a pair of corrugateXplate-like damper members inserted into 

an annular gap formed betweeiHhe touchdown bearing and its retainer 
member and a vacuum pump provid^dwith this, and more particularly 
to an improvement in durability\of a touchdown bearing and 
corrugated damper members for absorbin^shock upon the touchdown 
and suppressing to a sufficiently low level a^vibratory rotational 
frequency of a rotor relative to a rotational frequency of the rotor. 
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DAGKQRQUND ART 

A magnetic\earing apparatus provided at least with a rotor 
£haft, a radial magnetic bearing for supporting the rotor shaft 
in a radial direct ion, \thrust magnetic bearing for supporting 
the rotor shaft in an axial\irection and a touchdown bearing is 
adopted in, for example, a vacuum pump such as a turbo molecular 
pump and has been extensively practiced. The above touchdown bearing 
is a protective bearing for receiving the above rotor shaft in case 
of emergency like a breakdown of the magneti^^earing and is composed 



of, for example, a pair of roller bearings arranged at a lower end 
portion of the above rotor shaft. Such a magnetic bearing apparatus 
and the turbo molecular pump provided with this are disclosed in 
JP-A-10-89284, JP-A-63-239397 and the like. 

Also, the corrugated plate-like damper member adopted in such 
a magnetic bearing apparatus is a member for suppressing a vibratory 
rotation, i.e., a swivel motion and simultaneously absorbing the 
shock of the touchdown when the rotor including the rotor shaft 
touches down to the touchdown bearing. This corrugated plate-like 
damper member functions as three members of a spring, a damper and 
a mechanical stop as one member as disclosed in jp-B-7-103894 , and 
is, for example, a corrugated strip steel plate as shown in Fig. 
6. 

in Fig . 5 , the corrugated plate-like damper member is composed 
of a pair of corrugated strip steel plates 8a and 8b inserted into 
an annular gap G formed between outer races of a pair of roller 
bearings 4a and 4b constituting the touchdown bearing 4 and an inner 
circumferential surface of a retainer member 9 of the touchdown 
bearing. The frequency f=(k/m) 1/2 determined by the rigidity k of 
the corrugated strip steel plates 8a and 8b and the rotor mass m 
is identified with the vibratory rotational frequency of the rotor 
upon the touch down. The collision energy E upon the touchdown of 
the rotor is in proportion to the second powered value of the 
frequency f, i.e., (k/m). From these relationships, it will be 



understood that the smaller the rigidity k, the larger the effect 
of the corrugated strip steel plates 8a and 8b will become as the 
damper member. In order to reduce the rigidity k, it is available 
to reduce the thickness t of the corrugated strip steel plates 8a 
and 8b, for example, but the function of the corrugated strip steel 
plates 8a and 8b as the stop is degraded as the thickness t is 
decreased . 

in order to cause the corrugated strip steel plate 8 to serve 
as a stop with a rigidity to some extent against the shock upon 
the touchdown of the rotor, the pitch p of the waveform, the height 
h under the non-load condition and the thickness t of the corrugated 
strip steel plate 8 could not be reduced as desired, as a result 
of which the width B has to be reduced. For this reason, the height 
H of the roller bearing would be twice greater than the width B 
of the corrugated strip steel plate 8 or more. In other words, in 
some cases, the corrugated strip steel plate 8 having a width that 
is less than half the height H of the roller bearing must be used. 
The corrugated strip steel plates 8a and 8b that have small pitch 
p, height h and thickness t and a width that is less than half the 
height H of the roller bearing are provided with a small retaining 
force. Accordingly, in the case where such corrugated strip steel 
plates 8a and 8b having the smaller width are inserted into the 
annular gap G, due to the vibration caused by the use for a long 
period of time, the upper corrugated strip steel plate 8a is offset 
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downwardly so that it is brought into contact with the lower 
corrugated strip steel plate 8b. As a result, in some cases, the 
first rotary bearing 4a is kept free by width 6 in the radial 
direction to be brought into contact with the rotor to generate 
abnormal noise or abnormal frictional wear. Incidentally, the width 
6 is the width of the annular gap G. In such a condition, the 
corrugated plate-like damper member could not exhibit the inherent 
function and could generate abnormal vibration or swing in the 
vacuum pump provided with the magnetic bearing apparatus or the 
magnetic bearing to bring about a breakdown in the apparatus as 
a whole. 

In a magnetic bearing apparatus provided at least with a rotor 
shaft, a radial magnetic bearing for supporting the rotor shaft 
in a radial direction, a thrust magnetic bearing for supporting 
the rotor shaft in an axial direction, a touchdown bearing composed 
of a pair of roller bearings arranged at a lower end portion of 
the above rotor shaft, a pair of corrugated plate-like damper 
members inserted into an annular gap between the touchdown bearing 
and its retainer member and a vacuum pump provided with this, an 
object of the present invention is to keep on retaining the pair 
of corrugated plate-like damper member in a predetermined position 
without fail. 
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in order tdysolve the above-noted problems, there is provided 
a magnetic bearingWaratus provided at least with a rotor shaft, 
a radial magnetic beaVng for supporting the rotor shaft in a radial 
direction, a thrust magnetic bearing for supporting the rotor shaft 
in an axial direction, a touchdown bearing composed of a pair of 
roller bearings arranged to\urround a lower end portion of the 
rotor shaft, a pair of corrugated\late-like damper members inserted 
into an annular gap between the touchdown bearing and its retainer 
member and a vacuum pump provided witto this, being provided with 
a positional offset preventing means of \he corrugated plate-like 
damper member in the annular gap. 

Then, a metal thin plate interposed between the pair of 
corrugated plate-like damper members is used as the positional 
offset preventing means of the corrugated plate-like damper member . 

Also, an annular convex portion formed in an inner 
circumferential surface of the retainer member is used as the 
positional offset preventing means of the corrugated plate-like 
damper member. 

Further, an annular concave portion formed in an inner 
circumferential surface of the retainer member is used as the 
positional offset preventing means of the corrugated plate-like 
damper member. 

Furthermore, when the positional offset preventing means of 
the corrugated plate-like damper member is constructed, a thickness 
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f a metal thin plate, a sum (T+t) of a height of the annular convex 
portion or a depth of the annular concave portion T and a thickness 
t of a corrugated strip steel plate is 0.8 to 1.3 times of a width 
6 of the annular gap. 




BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a partially perspective view of a touchdown bearing 
and a corrugated plate-like damper member in accordance with a first 
embodiment of a magnetic bearing apparatus of the present invention. 

Fig. 2 is a cross-sectional view of a touchdown bearing and 
a corrugated plate-like damper member in accordance with a second 
embodiment of a magnetic bearing apparatus of the present invention. 

Fig. 3 is a cross-sectional view of a touchdown bearing and 
a corrugated plate-like damper member in accordance with a third 
embodiment of a magnetic bearing apparatus of the present invention. 

Fig. 4 is a developed view showing various embodiments of an 
upper stage corrugated strip steel plate 8a, a lower stage 
corrugated strip steel plate 8b and a strip-like metal thin plate 
10a clamped therebetween in accordance with the first embodiment 
of the magnetic bearing apparatus of the present invention. 

Fig. 5 is a partially perspective view of a touchdown bearing 
and a corrugated plate-like damper member of a conventional magnetic 

bearing apparatus. 

Fig. 6 is a partially perspective view of a corrugated strip 



steel plate that is a corrugated plate-like damper member. 

Fig. 7 is a longitudinal sectional view of one embodiment of 
a vacuum pump according to the present invention. 




BEST MODE FOR CARRYING OUT THE INVENTION 
,0 ^_Pref erab\ embodiments of the present invention will now be 
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described with reference to Figs. 1 to 7 in more detail. 

Fig. 7 is a longitudinal sectional view of one embodiment of 
a turbo molecular pump to which the present invention is applied. 
This turbo molecular pump has basically the same structure as that 
disclosed in JP-A-10-89284 and is composed of a rotor 6 including 
a rotor shaft 1, a stator 7 and a magnetic bearing apparatus for 
supporting the rotor 6 rotatably as desired. The rotor 6 includes 
a rotor cylindrical member in which a number of rotor blades are 
mounted on the upper side and a cylindrical portion having a flat 
outer circumferential surface is formed on the lower side beside 
the rotor shaft 1. The stator 7 includes a stator cylindrical member 
in which a number of stator blades are mounted on the upper side 
and a cylindrical portion having a screwed inner circumferential 
surface is formed on the lower side. 

The above-described magnetic bearing apparatus is a so-called 
five axis controlling type magnetic bearing apparatus and is 
constituted of a radial magnetic bearing 2 composed of a first radial 
magnetic bearing 2a disposed on the upper side of the rotor shaft 




1 and a second radial magnetic bearing 2b disposed on the lower 
side, a thrust magnetic bearing 3 composed of a first thrust magnetic 
bearing 3a and a second thrust magnetic bearing 3b disposed at a 
lower end portion of the rotor shaft 1, and a high frequency motor 
5 disposed in an intermediate portion of the rotor shaft 1. 

The above-described magnetic bearing apparatus further 
includes a touchdown bearing 4 disposed between the first thrust 
magnetic bearing 3a in an upper stage and the lower end portion 
of the rotor shaft and a corrugated plate-like damper member for 
absorbing the shock upon the touchdown and for attenuating the 
swivel frequency of the rotor. The touchdown bearing 4 is composed 
of a pair of roller bearings disposed in upper and lower stages, 
i.e., a first roller bearing 4a and a second roller bearing 4b. 
Although not shown in Fig. 7, the corrugated plate-like damper 
member is inserted into the annular gap formed between the touchdown 
bearinq 4 and the retainer member thereof. 

,r 

n showing a first embodiment of the present invention, 

a cylindrical retainer member 9 serves as both the thrust bearing 
retainer member and the touchdown bearing retainer member. Namely, 
the retainer member 9 is\he retainer member coated with resin mold 
and formed into a cylinder for receiving electromagnets 
constituting the thrust bearing\a of Fig. 7. Then, the touchdown 
bearing 4, i.e., the pair of roller\bearings 4a and 4b disposed 
in the upper and lower stages are ^^eceived in the inner 
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circumferential portion of the retainer member 9. The annular gap 
G is formeU between the inner circumferential surface of the 
cylindrical ret^ner member 9 and the outer races of the pair of 
roller bearings 4a anX,4b, a pair of corrugated strip steel plates 
8a and 8b that form the cWrugated plate-like damper member are 
inserted into this annular gapG* and a strip-like metal thin plate 
10a is inserted while being clampedSby the upper corrugated strip 
steel plate 8a and the lower corrugatedSstrip steel plate 8b. The 
corrugated strip steel plates 8a and 8b a*e, for instance, the 
corrugated strip steel plates as shown in FigV^. 

JS^e-Tr^±r~^4~^&li &¥ - hearings 4 a and 4b arc dGprcascd in th < 
radial direction by the elasticity of the corrugated strip^teel 
plates 8a and 8b and retained over the inner circumf erep^lal portion 
of the retainer member 9. The corrugated strip afe-eel plates 8a and 
8b are also retained in a predetermined potion within the annular 
gap G by the elasticity thereof. In^ddition, since the corrugated 
strip steel plates 8a and 8b^are inserted into the annular gap G 
through the strip-like metal thin plate 10a in the axial direction, 
there is no positional offset or drop and the plates are always 
retained iB^the predetermined position without fail. Briefly, the 
ptrip^ike metal thin plate 10a is a means for preventing the 
offset of the corrugated plato - like damper mombor . 
By the way, the selection of the metal thin plate 10a and the 
determination of the width 6 of the annular gap relate to the 



thickness T of the metal thin plate 10a, the thickness t of the 
corrugated strip steel plates and the width 6 of the annular gap 
mutually. In the case where the value obtained by subtracting the 
thickness t of the corrugated strip steel plates from the width 
6 of the annular gap is small, the movable amount of the corrugated 
portion of the corrugated strip steel plates, i.e., the radial 
movable amount of the rotor is reduced, resulting in disability 
to obtain the necessary elastic force. Inversely, in the case where 
the value obtained by subtracting the thickness t of the corrugated 
strip steel plates from the width 6 of the annular gap is large, 
the effect to prevent the positional offset of the metal thin plate 
is diminished. Therefore, according to the first embodiment, the 
selection of the metal thin plate 10a and the determination of the 
width 6 of the annular gap are performed so that the sum (T+t) of 
the thickness T of the metal thin plate 10a and the thickness t 
of the corrugated strip steel plates is 0.8 to 1.3 times of the 
width 6 of the annular gap. Thus, the effect to prevent the 
positional offset of the corrugated plate-like damper member is 
further enhanced:. 

In-Big , 2 chowing a - c ocond Qm teodijFte nt o f I r h e^r esen^ 
the positional offset preventing means of the^c^j^rgSted plate-like 
damper member is an annul^x^^&Rv^r^ortion 10b formed on the inner 
circumf ergiiiri^T^surface of a cylindrical retainer member 9. An 
^f ^ l^ r gap n i n fiivirio f i i nt^^ -4i- g ^pr Qr ''^ w ^ 1n " , ,ttr wfrngnn hy thin - 
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^nBul^g envcir portion 1 nh ,,: tt iei Li _jL_co^^ bLu i l pl a U 

8b and a corrugated strip steel plate 8a are inserted into the lo/er 
annular gap and the upper annular gap, respectively. Accor^ngly, 
also in the second embodiment, the corrugated strip s^el plates 
8a and 8b are always held in a predetermined position^ the annular 
gap G without fail, incidentally, the height To£t/e annular convex 
portion and the width 6 of the annular gap ar^/determined so that 
the sum (T+t) of the height T of the annul/r convex portion and 
the thickness t of the corrugated strip/steel plates is 0.8 and 
1.3 times of the width 6 of the annul/r gap. Thus, the effect to 
prevent the positional offset of th/ corrugated plate-like damper 
member is further enhanced. 

in Fig. 3 showing a third/embodiment of the present invention, 
the positional of f set preventing means of the corrugated plate-like 
damper member is an annul/r concave portion 10c formed in the inner 
circumferential surface of the cylindrical retainer member 9. A 
single corrugated s/xip steel plate 8c is inserted into this annular 
concave portion /oc. Accordingly, also in the third embodiment, 
the corrugated/trip steel plate 8c is always held in a predetermined 
position of /n annular gap G without fail. Incidentally, the depth 
T of the/nnular concave portion and the width 6 of the annular 
gap are/Qetermined so that the sum (T+t) of the depth T of the annular 
concave portion and the thickness t of the corrugated strip steel 
iLu ii 0-0 and 1 t i i nn ■ f T " H1 " h ^ nf rhn nnnnl nr nsn Thus , 
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plate-like damper member is further enhance^^lja-^rTTrf irst 
embodiment and the second embodijia^^ plate-like 
damper members are^xs^T^oCever , in the third embodiment, the 
single>«tir^rrugated plate-like damper member is used, thereby 
j ^coct in f H ni-n jTm.Ml y re-ducc d*. 

in the present invention, the sum (T+t) of the height of the 
metal thin plate, the height of the annular convex portion or the 
depth of the annular concave portion T and the thickness t of the 
corrugated strip steel plate is 0.8 to 1.3 times of the width 8 
of the annular gap. The reason for this is as follows. 

For example, assume that in the embodiment in which the 
thickness t of the corrugated strip steel plates is 0.1 mm, the 
height h of the corrugated strip steel plates is 0.25 mm and the 
width 6 of the annular gap is 0.2 mm, the corrugated strip steel 
plates are buckled or aged due to the use for a long period of time, 
or the height becomes h' . The height h of the corrugated strip steel 
plates becomes half the length of 0.25 mm and h' becomes 0.125 mm. 
in order that the corrugated strip steel plate buckled or aged due 
to the use for a long period time serves as the corrugated plate-like 
damper member, the relation, <5<(h'+T) should be established. This 
is the reason why the corrugated strip steel plates are offset from 
the predetermined position unless this relationship is met. If the 
above-described values are substituted into this formula, the 
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relationship, T>0.075 mm, is established. If the thickness t=0 . 1 
mm is added to the right side and the left side of this formula, 
the relationship, (T+t)>0.175 mm is given. This value, 0.175 mm, 
is about 0.8 times of the width 6=0.2 mm of the annular gap. 

Also , the movable amount X ( amount of change of the corrugated 
plate-like damper member) of the rotor that is necessary upon the 
touchdown of the rotor is represented by X = (6-t)/2. When the 
above-described value is substituted for this, the relationship, 
*=0.05 mm is obtained. In order not to limit the motion of the rotor 
by the depth T of the annular concave portion or the height of the 
annular convex portion and the thickness of the metal thin plate, 
it is necessary to meet the relationship, ( 6 - X )>T. If the 
above-described values are substituted into this formula, it is 
possible to obtain T<0.15 mm. If the thickness t=0 . 1 mm is added 
to the right side and the left side of this formula, the relationship, 
(T+t)<0.25 mm is given. This value, 0.25 mm, is about 1.3 times 
of the width 6=0.2 mm of the annular gap. 

By the way, in the first embodiment shown in Fig. 1, the pair 
of corrugated strip steel plates 8a and 8b that constitute the 
corrugated plate-like damper member and the metal thin plate 10a 
clamped by these plates have portions in contact with each other 
at the end faces in the axial direction. Therefore, the corrugated 
strip steel plates 8a and 8b are prevented from serving as springs. 
Namely, when the mass of the rotor is m and the spring rigidity 
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of the corrugated plate-like damper member is k, the proper 
frequency f [Hz] upon the touchdown of the rotor is represented 
by f=(l/2 7T ) (k/m) 1/2 . The energy E applied to the cylindrical 
retainer member 9 upon the touchdown has a proportional relation 
with the product mf 2 of the second powered value f 2 of the frequency 
f and the mass m. For instance, in the case where the proper frequency 
f is one third of the rated rotation frequency f 0 of the rotor, the 
above-described energy E may be reduced one ninth theoretically 
by the corrugated plate-like damper member. However, since the pair 
of corrugated strip steel plates 8a and 8b and the metal thin plate 
10a clamped by these plates have portions in contact with each other 
at the end faces in the axial direction, the corrugated plate- 
like damper member is prevented from serving as the spring. If so, 
there is a problem that the effect of the corrugated plate-like 
damper member for considerably reducing the energy E applied to 
the cylindrical retainer member 9 upon the touchdown would be 
degraded. 

Various embodiments for solving this problem are shown in Fig. 
4. In any of the modified embodiments of Figs. 4(B) to Fig. 4(E) 
which are modifications to the basic embodiment of Fig. 4(A), the 
contact portion in the a>6ial direct ion is reduced. Namely, Fig. 
4(B) shows an embodiment in which a rectangular corrugated strip 
steel plate 8a without any cutaway portion, a rectangular corrugated 

strip steel plate 8b without any cutaway portion and a rectangular 
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thin steel plate 10a with cutaway portions in the upper and lower 
side surfaces are used in combination. Fig. 4(C) shows an embodiment 
in which a rectangular corrugated strip steel plate 8a with cutaway 
portions in the lower side surface, a rectangular corrugated strip 
steel plate 8b with cutaway portions in the upper side surface and 
a rectangular thin steel plate 10a without any cutaway portion are 
used in combination. Furthermore, Fig. 4(D) shows an embodiment 
in which a rectangular corrugated strip steel plate 8a with cutaway 
portions in the upper side surface, a rectangular corrugated strip 
steel plate 8b with cutaway portions in the lower side surface and 
a rectangular thin steel plate 10a without any cutaway portion are 
used in combination. Moreover, Fig. 4(E) shows an embodiment in 
which a rectangular corrugated strip steel plate 8a with cutaway 
portions in the upper and lower side surfaces, a rectangular 
corrugated strip steel plate 8b with cutaway portions in the upper 
and lower side surfaces and a rectangular thin steel plate 10a 
without any cutaway portion are used in combination. 

The energy reduction effect by these modified embodiments 
will now be described. The entire energy E tl upon the touchdown in 
the basic embodiment of Fig. 4(A) is represented by E tl =a{(G 1 /2 
7p )f 2 +(G 2 /2 7T )f 0 2 } where a is the proportional constant. Then in the 
case where the proper frequency f is one third of the rated 
rotational frequency f 0 of the rotor, the entire energy E tl is E tl = 
a (f 0 2 /2 7t )G 1 /9+G 2 ) where G 1 is the vibration level of the rotor upon 
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the touchdown and G 2 is the vibration level at the rated rotational 
frequency . 

The vibration level G 1 of the rotor upon the touchdown in case 
of the basic embodiment of Fig. 4 (A) is 0 . 5 and the vibration level 
G 2 at the rated rotational frequency of the rotor is 0 . 1 . Accordingly, 
the entire energy E tl upon the touchdown is represented by E tl =a 
( f 0 2 / 2 7V) 0.5/9+0. 1)=0. 156 a (f 0 2 /2 7T) . 

in the modified embodiments of Fig. 4(B) to Fig. 4(E), the 
entire energy E t2 upon the touchdown is represented by E t2 =a{(G 3 /2 
7T )f 2 +(G 4 /27T ) f 0 2 }. in the case where the proper frequency f is one 
third of the rated rotational frequency f 0 of the rotor, the entire 
energy E t2 is represented by E t2 =a (f 0 2 /2 7T ) (G 3 /9+G 4 ) where G 3 is the 
vibration level of the rotor upon the touchdown in. the case where 
the contact portion of the corrugated plate-like damper member to 
the metal thin plate is one third of the non-contact portion, and 
G 4 is the vibration level at the rated rotational frequency of the 
rotor . 

The vibration level G 3 of the rotor upon the touchdown in case 
of the modified embodiments of Fig. 4(B) and Fig. 4(C) is 1.0 and 
the vibration level G 4 at the rated rotational frequency of the rotor 
is 0.01. Accordingly, the entire energy E t2 upon the touchdown is 
represented by E t2 = a ( f 0 2 /2 7T )( 1 /9+0 . 01 ) =0 . 12 1 a ( f 0 2 /2 7T ) . This is 
78% of the entire energy of 0 . 156 a ( f 0 2 /2 K ) upon the touchdown in 
the basic embodiment. Therefore, according to the modified 
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embodiments of Fig. 4(B) and Fig. 4(C), it is possible to further 

reduce the energy by 22% compared with the basic embodiment of Fig. 

4(A) . in the same manner, also in the modified embodiments of Fig. 

4(D) and Fig. 4(E), it is possible to further reduce the energy 

compared with the basic embodiment of Fig. 4(A). 

incidentally, in Figs. 1 to 3 , the cylindrical retainer member 
9 is the retainer member that receives electromagnets forming the 
thrust bearing 3a, molded of resin and formed into a cylindrical 
shape. However, this may be formed with another structure, for 
example, a structure integral with a stator column of the magnetic 
bearing apparatus . 

INDUSTRIAL APPLICABILITY 

According to the present invention, there is provided a 
magnetic bear\g apparatus provided at least with a touchdown 
bearing and a paiXfcorrugated plate-like damper members inserted 
into an annular gap\th a retainer member thereof and a vacuum 
pump provided with this\eing provided with a positional offset 
preventing means of the corrugated plate-like damper member in the 
annular gap. Accordingly, since\he corrugated plate-like damper 
members are held in a predetermined^osition without fail even if 
they are narrow corrugated strip steel pWes, it is possible that 
the corrugated plate-like damper members a\prevented from being 
offset to occur abnormal contact between the rotc*cand the touchdown 
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bearing, in addition, since the positional offset preventing means 
of the above corrugated plate-like damper member is simple in 
structure, it is possible to reduce the increase of the manufacture 
cost thereby as much as possible. Furthermore, there is no 
positional offset, and there is no unduly strong external force. 
Thus, the durability of the corrugated plate-like damper member 
per se is enhanced and the necessity to exchange the parts upon 
the overhaul is obviated. 
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